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(54) MAG N ETO RES I STAN C E EFFECT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain stable and high 
reproducing characteristic, by laminating a nonmagnetic 
film between a substratum film and a first magnetic film. 
SOLUTION: For example, in a spin bubble film, in order 
to control crystallinity of a first magnetic film (free layer) 
1 1 , a second magnetic film (fixing layer) 12, and an 
antiferromagnetic film 14, a nonmagnetic film 16 is 
laminated between a substratum film 13 and the first 
magnetic film (free layer) 1 1 . An oxide film, a nitride film, 
etc., are used as the nonmagnetic film 16. In this 
magnetoresistance effect element, the magnetization 
direction of the second magnetic layer (fixing layer) can 
be tightly fixed by a large exchange coupling magnetic 
field, so that stable reproducing characteristic can be 
obtained. Since the magnetoresistance effect element is excellent also in thermal resistance, 
decrease of as exchange coupling magnetic field which is to be caused by temperature rise at 
the time of practical use and a thermal treatment process is little, and high reproducing 
characteristic can be obtained. Especially in the case that the first magnetic film (free layer) is 
made a laminated structure of a ferromagnetic film and a nonmagnetic film, more excellent 
reproducing characteristic can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magneto-resistive effect component used for the 
magnetic head of magnetic tape units, such as magnetic disk drives, such as HDD, or DCC, etc. 
[0002] 

[Description of the Prior Art] In recent years, in magnetic disk drives, such as HDD, record / playback 
discrete-type thin film magnetic head is being adopted instead of an old inductive head. In this magnetic 
head, an inductive head is used for the Records Department and the magneto-resistive effect mold head 
(the following, MR head) is used for the playback section. Rather than the inductive head around which 
the conventional coil was wound, since reproducing characteristics are high sensitivity and high power, 
it is thought that this MR head is advantageous to the miniaturization of equipment and densification. 
[0003] Moreover, recently, research on the MR head from which the higher MR effectiveness is 
acquired is also done briskly, and the spin bulb mold magneto-resistive effect mold head using the 
cascade screen called especially the spin bulb film attracts attention. 

[0004] Drawing 4 is the outline sectional view showing the configuration of the conventional common 
spin bulb film. A part for the core of the spin bulb film is constituted by the 1st magnetic film 21 and 
2nd magnetic film 22 which are the nonmagnetic interlayer 20 which is a thin film of non-magnetic 
metal, and two magnetic thin films separated by this interlayer 20. Among these, there are the substrate 
film 23 and a substrate 25 in the 1st magnetic film 21 side, and the antiferromagnetism film 24 and a 
protective coat 25 are formed in the 2nd magnetic film 22 side. In addition, drawing 4 shows the cross 
section when seeing from the direction where an external magnetic field is added. 
[0005] The direction of the easy axis of said two magnetic films 21 and 22 (the henceforth, 
magnetization direction) is set up so that change which is different to an external magnetic field, 
respectively may be carried out. That is, the 2nd magnetic film 22 (fixed bed) is set up so that the 
magnetization direction may always be held to the signal field from a record medium, so that the 
magnetization direction may rotate the 1st magnetic film 21 (free layer) by the signal field from a record 
medium. For example, there is the approach of fixing using the switched connection field when carrying 
out the laminating of the antiferromagnetism film or the approach of fixing using the big magnetic film 
of coercive force in the fixed bed at a free layer, using the small magnetic film of holding power, i.e., a 
magnetic film with sufficient soft magnetic characteristics, as an approach of making such a 
magnetization direction. 

[0006] If such a condition is realized, only the magnetization direction of a free layer will rotate to the 
signal field from a record medium, relative include-angle change will take place between the 
magnetization directions of the fixed bed, and the electric resistance as the whole film will change as a 
function of the cosine of the include angle of the magnetization direction of both layers. That is, when 
the sense of each magnetization of a free layer and the fixed bed turns to the same direction (0 times), 
electric resistance becomes min, and it becomes max when it turns [ reverse ] to objection (180 degrees). 
By the signal field from a record medium, a regenerative signal is acquired because this change arises. 
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[0007] 

[Problem(s) to be Solved by the Invention] In order to stabilize the above-mentioned actuation and to 
make it happen, it is called for that the magnetization direction of the fixed bed is being fixed firmly, 
i.e., the switched connection field between the fixed bed and the antiferromagnetism film is large as 
much as possible. If it is generally known that a switched connection field will decrease by the 
temperature rise by the sense current at the time of a real activity etc. and they are taken into 
consideration, as for the switched connection field in a room temperature, the value of at least 200 - 
250Oe extent is needed. Furthermore, since there is an about 250-degree C heat treatment process in a 
head manufacture process, if thermal resistance is bad, reproducing characteristics will deteriorate by 
reduction of a switched connection field. However, by the conventional spin bulb film, it was difficult to 
obtain the switched connection field of the above strength, and thermal resistance, and stable 
reproducing characteristics were not able to be acquired. 

[0008] In order to fulfill these properties, especially when various examination is performed from before 
about the ingredient of the 1st and 2nd magnetic film or the antiferromagnetism film, crystallinity, the 
forming-membranes method, etc., among these an ingredient is limited to some extent, crystallinity 
causes rule. Although the usually good thing of this crystallinity was desirable in many cases, if 
restricted to the switched connection field, it had become a technical problem how crystallinity may be 
unable to say that a good thing is desirable and not necessarily controls crystallinity. 
[0009] The object of this invention is to offer the magneto-resistive effect component which can acquire 
stability and high reproducing characteristics. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention of claim 1 is 
characterized by carrying out the laminating of the nonmagnetic membrane between said substrate film 
and 1st magnetic film on a substrate in the magneto-resistive effect component which the substrate film, 
the 1st magnetic film, a nonmagnetic membrane, the 2nd magnetic film, and the antiferromagnetism 
film equipped with the cascade screen formed in order. 

[001 1] Invention of claim 2 is characterized by carrying out the laminating of an oxide film or the nitride 

between said substrate film and 1st magnetic film on a substrate in the magneto-resistive effect 

component which the substrate film, the 1st magnetic film, a nonmagnetic membrane, the 2nd magnetic 

film, and the antiferromagnetism film equipped with the cascade screen formed in order. 

[0012] As for the thickness of the above-mentioned nonmagnetic membrane, an oxide film, and a 

nitride, it is desirable for it to be preferably chosen in 0.5-1 .5nm, and to choose in 1 .Onm or less more 

preferably. 

[0013] Invention of claim 3 is characterized by said 1st magnetic film consisting of a laminated structure 

of a ferromagnetic and a nonmagnetic membrane in claim 1 or 2. 

[0014] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt at the time of applying the magneto- 
resistive effect component concerning this invention to a spin bulb mold MR head is explained. In 
addition, when it constitutes the spin bulb film of this operation gestalt as a spin bulb mold MR head, the 
electrode of the couple for passing a current on this spin bulb film etc. is arranged. 
[0015] Drawing 1 is the outline sectional view showing the configuration of the spin bulb film used for 
the spin bulb mold MR head of this operation gestalt. In this spin bulb film, the film is formed on the 
substrate 15 in order of the 14/protective coat 15 of the 12/(fixed bed) antiferromagnetism film of 2nd 
magnetic film of 10/of the 1 l/(free layer) nonmagnetic interlayers of 1st magnetic film of 16/of 
13/nonmagnetic membranes of substrate film. By this spin bulb film, the laminating of the nonmagnetic 
membrane 16 is carried out between the substrate film 13 and the 1st magnetic film 1 1 in order to 
control the crystallinity of said 1st magnetic film 1 1, the 2nd magnetic film 12, and the 
antiferromagnetism film 14. 

[0016] As the above-mentioned nonmagnetic membrane 16, an oxide film, a nitride, or the same 
amorphous system ingredient can be used. Although the example mentioned later shows the example 
which all used the oxide film as a nonmagnetic membrane 16, the same result can be obtained even 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/14/2004 



Page 3 of 5 



when a nitride is used. Moreover, in the following examples, although each has set the thickness of a 
nonmagnetic membrane 16 as lnm, if it is the range of 0.5-1 .5nm, sufficient magnetic properties and the 
crystal structure can be acquired practical. 

[0017] Here, as an example and an example of a comparison, the spin bulb film was produced and 
forming the cascade screen of the following configurations on a glass substrate estimated the magnetic 
properties and crystal structure. The field of about 100 Oe(s) is impressed to membrane formation 
during membrane formation at substrate side inboard using a spatter. However, CoFe used and IrMn 
used the Ir22Mn78at% target Co90Fel0at%. 

[0018] First, the example at the time of using Si02 (lnm) as a nonmagnetic membrane 16 is explained. 
[0019] As [example 1] substrate film 13, as Ta (5nm) and a nonmagnetic membrane 16 Si02 (lnm), As 
the 1st magnetic film (free layer) 11, as CoFe (6nm) and a nonmagnetic interlayer 10 Cu (2.5nm), IrMn 
(8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a protective coat 15 were 
produced as CoFe (3nm) and antiferromagnetism film 14 as the 2nd magnetic film (fixed bed) 12 (the 
inside of a parenthesis shows thickness it is the same as that of the following). 

[0020] As [example 2] substrate film 13, as Ta (5nm) and a nonmagnetic membrane 16 Si02 (lnm), As 
the 1st magnetic film 11, as Cu(0.8nm)/CoFe(1.5nm) x3 and a nonmagnetic interlayer 10 Cu (2.5nm), 
IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a protective coat 
15 were produced as CoFe (3nm) and antiferromagnetism film 14 as the 2nd magnetic film 12. In this 
example 2, the 1st magnetic film 1 1 has a laminated structure which carried out the laminating of the 
cascade screen of a nonmagnetic membrane Cu and Ferromagnetic CoFe to three more layers. 
[0021] IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a protective 
coat 15 were produced as CoFe (3nm) and antiferromagnetism film 14 as Cu (2.5nm) and the 2nd 
magnetic film 12 as CoFe (6nm) and a nonmagnetic interlayer 10 as Ta (5nm) and the 1st magnetic film 
11 as [example 1 of comparison] substrate film 13. The nonmagnetic membrane 16 is omitted in this 
example 1 of a comparison. 

[0022] IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a protective 
coat 15 were produced as CoFe (3nm) and antiferromagnetism film 14 as Cu (2.5nm) and the 2nd 
magnetic film 12 as CoFe (6nm) and a nonmagnetic interlayer 10 as the 1st magnetic film 1 1 of [the 
example 2 of a comparison]. In this example 2 of a comparison, the substrate film 13 and a nonmagnetic 
membrane 16 are omitted. 

[0023] Thus, about the spin bulb film which consists of an obtained cascade screen, a switched 
connection field, resistance rate of change, and thermal resistance were investigated, respectively. A 
result is shown in a table 1 . 



[0024] 
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In a table 1, O shows "good" and, as for O, x "which can be equal to a real activity 1 ' shows "it is bad", 
respectively. Although the example 1 of a comparison shows the big value with resistance rate of 
change, it is small, less than the indispensable value, and is not suitable for practical use. [ of a switched 
connection field ] Moreover, although a switched connection field and resistance rate of change show 
the good value, since thermal resistance is bad, a switched connection field cannot decrease according to 
the temperature rise or heat treatment process at the time of a real activity, and the example 2 of a 
comparison cannot maintain reproducing characteristics required at the time of head manufacture. The 
film of this example of a comparison shows the property of the conventional common film. On the other 
hand, both a switched connection field and resistance rate of change show sufficient value, and the 
example 1 of thermal resistance is improving. In a table 1, the result of the example 2 which showed the 
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property still more desirable than an example 1 is omitted. Since the coercive force of a free layer 
becomes small when the 1st magnetic film 1 1 (free layer) is made into the laminated structure of a 
nonmagnetic membrane and a ferromagnetic like an example 2, in order to raise soft magnetic 
characteristics, a good result can be obtained compared with the case (soft magnetic characteristics are 
not good) where the 1st magnetic film 1 1 is made into single structure like an example 1. 
[0025] In order to evaluate the crystal structure of each spin bulb film shown in the above-mentioned 
example 1 and the examples 1 and 2 of a comparison, X-ray diffraction was performed. Drawing 2 is a 
graph which shows the X-ray diffraction curve of the film shown in a table 1. An axis of ordinate shows 
X-ray intensity (C/S) among drawing, and the axis of abscissa shows whenever [ incident angle / of an 
X-ray ] (2theta), respectively. Since a lifting and reinforcement are strengthened and the X-ray which 
carried out incidence is outputted in interference inside when membranous crystallinity is good (i.e., 
when the layer of a regular crystal is made), X-ray intensity strong on a graph is shown. By the film of 
the example 1 of a comparison, it turns out that in about 40 to 44 degrees shows X-ray intensity strong 
twice, and crystallinity is not changing. On the other hand, by the film of an example 1 and an example 
2, it turns out that there is no peak which projected on the graph and the crystallinity inside the film is 
changing. That is, by taking an example 1 or membrane structure like 2, the crystallinity of the 1st 
magnetic film 11, 2nd magnetic film 12, and antiferromagnetism film 14 interior changes, and it is 
thought that the property as shown in a table 1 appeared by this. 

[0026] Next, the example at the time of using the oxide film by neglect among atmospheric air as a 
nonmagnetic membrane 16 is explained. 

[0027] Here, it is aluminum 203 on a glass substrate as an example and an example of a comparison. 
After forming membranes, the spin bulb film was produced and forming the cascade screen of the 
following configurations estimated the magnetic properties and crystal structure. The field of about 100 
Oe(s) is impressed to membrane formation during membrane formation at substrate side inboard using a 
spatter. CoFe used and IrMn used the Ir22Mn78at% target Co90Fel0at%. 

[0028] After forming the substrate film 13 as Ta (5nm) and a nonmagnetic membrane 16 as [example 3] 
substrate film 13, the oxide film was formed by taking out a sample in atmospheric air and leaving it for 
10 minutes. Then, IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as 
a protective coat 15 were produced as CoFe (3nm) and antiferromagnetism film 14 as Cu (2.5nm) and 
the 2nd magnetic film 12 as CoFe (6nm) and a nonmagnetic interlayer 10 as the 1st magnetic film 1 1 . 
[0029] After forming the substrate film 13 as Ta (5nm) and a nonmagnetic membrane 16 as [example 4] 
substrate film 13, the oxide film was formed by taking out a sample in atmospheric air and leaving it for 
24 hours. Then, IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a 
protective coat 15 were produced as CoFe (3nm) and antiferromagnetism film 14 as Cu (2.5nm) and the 
2nd magnetic film 12 as CoFe (6nm) and a nonmagnetic interlayer 10 as the 1st magnetic film 11. 
[0030] After forming the substrate film 13 as Ta (5nm) and a nonmagnetic membrane 16 as [example 5] 
substrate film 13, the oxide film was formed by taking out a sample in atmospheric air and leaving it for 
24 hours. Then, IrMn (8nm) and the spin bulb film which consists of a cascade screen of Ta (5nm) as a 
protective coat 15 were produced as CoFe (3nm) and antiferromagnetism film 14 as Cu (2.5nm) and the 
2nd magnetic film 12 as Cu(0.8nm)/CoFe(1.5nm) x3 and a nonmagnetic interlayer 10 as the 1st 
magnetic film 1 1 . In this example 5, the 1 st magnetic film 1 1 has a laminated structure which carried out 
the laminating of the cascade screen of a nonmagnetic membrane Cu and Ferromagnetic CoFe to three 
more layers. 

[0031] The thickness of the nonmagnetic membrane 16 in the above-mentioned examples 3-5 is settled 
in the range of about 0.5-1.5nm. In addition, you may make it form an oxide film or a nitride also in 
which example by leaving it in the oxygen plasma, the nitrogen plasma, or both mixed plasma instead of 
leaving it in atmospheric air and forming an oxide film, after forming the substrate film 13. 
[0032] As [example 3 of comparison] substrate film 13, as Cu(0.8nm)/CoFe(L5nm) x3 and a 
nonmagnetic interlayer 10 as Ta (5nm) and the 1st magnetic film 1 1 Cu (2.5nm), IrMn (8nm) and the 
spin bulb film which consists of a cascade screen of Ta (5nm) as a protective coat 15 were produced as 
CoFe (3nm) and antiferromagnetism film 14 as the 2nd magnetic film 12. The nonmagnetic membrane 
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16 is omitted in this example 3 of a comparison. Moreover, the 1st magnetic film 1 1 has a laminated 
structure which carried out the laminating of the cascade screen of a nonmagnetic membrane Cu and 
Ferromagnetic CoFe to three more layers. 

[0033] Thus, about the spin bulb film which consists of an obtained cascade screen, a switched 
connection field, resistance rate of change, and thermal resistance were investigated, respectively. A 
result is shown in a table 2. 



0034] 
A table 2] 
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In a table 2, although the example 3 of a comparison shows the big value with resistance rate of change, 
it is small, less than the indispensable value, and is not suitable for practical use. [ of a switched 
connection field ] On the other hand, both a switched connection field and resistance rate of change 
show sufficient value, and the examples 3-5 of thermal resistance are improving. 
[0035] In order to evaluate the crystal structure of each spin bulb film shown in the above-mentioned 
examples 3 and 4 and the example 3 of a comparison, X-ray diffraction was performed. A result is 
shown in drawing 3 . Drawing 3 is a graph which shows the X-ray diffraction curve of the film shown in 
a table 2. In drawing 3 , as for the film of the example 3 of a comparison, it turns out that in about 40 to 
44 degrees shows X-ray intensity strong twice, and crystallinity is not changing. On the other hand, by 
the film of an example 3 and an example 4, it turns out that there is no peak which projected on the 
graph and internal crystallinity is changing. In addition, although the result of an example 5 was omitted 
in a table 2, the result as examples 3 and 4 also with the same example 5 was shown. 
[0036] 

[Effect of the Invention] As explained above, since the magnetization direction of the fixed bed is 
fixable firmly, in the magneto-resistive effect component concerning this invention, stable reproducing 
characteristics can be acquired by the big switched connection field. Moreover, since it excels also in 
thermal resistance, there is also little reduction of the switched connection field by the temperature rise 
and heat treatment process at the time of a real activity, and it can acquire high reproducing 
characteristics. 

[0037] Especially when a free layer is made into the laminated structure of a ferromagnetic and a 
nonmagnetic membrane, still better reproducing characteristics can be acquired. 

[0038] Therefore, when this magneto-resistive effect component is applied to a spin bulb mold magneto- 
resistive effect mold head, stability and high reproducing characteristics can be acquired. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The magneto-resistive effect component characterized by the substrate film, the 1st magnetic 
film, a nonmagnetic membrane, the 2nd magnetic film, and the antiferromagnetism film carrying out the 
laminating of the nonmagnetic membrane between said substrate film and 1st magnetic film on a 
substrate in the magneto-resistive effect component equipped with the cascade screen formed in order. 
[Claim 2] The magneto-resistive effect component characterized by the substrate film, the 1st magnetic 
film, a nonmagnetic membrane, the 2nd magnetic film, and the antiferromagnetism film carrying out the 
laminating of an oxide film or the nitride between said substrate film and 1st magnetic film on a 
substrate in the magneto-resistive effect component equipped with the cascade screen formed in order. 
[Claim 3] The magneto-resistive effect component according to claim 1 or 2 characterized by said 1st 
magnetic film consisting of a laminated structure of a ferromagnetic and a nonmagnetic membrane. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the configuration of the spin bulb film used for the spin 
bulb mold MR head of an operation gestalt. 

[Drawing 2] The graph which shows the X-ray diffraction curve of the film shown in a table 1. 
[Drawing 3] The graph which shows the X-ray diffraction curve of the film shown in a table 2. 
[Drawing 4] The outline sectional view showing the configuration of the conventional common spin 
bulb film. 

[Description of Notations] 

10 Nonmagnetic Interlayer 

1 1 1st Magnetic Film (Free Layer) 

1 2 2nd Magnetic Film (Fixed Bed) 

13 Substrate Film 

14 Antiferromagnetism Film 

15 Protective Coat 

16 Nonmagnetic Membrane 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[0019] [3»m*]TltjHl3*t,rTa (5n 
m) * tWBSLlBtOXSiO* (lnm).»JO 
mm (B&l) 1 1 iU*CCoFe (6nm> > 
tt<«3B10*lrCCu (2. 5nm) . *2.©&tt« 
<Bfc*> 12iL,rCoFe (3nm) v@lii 
1 4tijX 1 rMir(8nn) , *aa)B&tr*Ta 
(5nm> €*iBmfr***XV>**tt*fMbit 

[0020} [^H2]Ttt*13£Lr-CTa <5n 
m) , #ttttJRl8&(,-CSiO, (Urn) , *ia 
ttttMl 1 tUtGu (0. 8nm)/CoF«,{l. 
5nm) X3. *Mft*TO10£UXCu (2. 5n 
m) . ^OWttOl 2£VCCoFe (3nm) , « 
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fESttfc c<D3$fcW2r#. gK&B&Bl 

tt«C u £3&ttBC o F e &CC 8 BKff 

[002 1] [tt^l]TfcBl3±L<CTa <5n 
m) , mi0m#l Ul/tCoFe <6nmK # 
fflft^HIfll.OiOtCu (2, 5nin) . J*2 <D8tt 
B12±t/CCoF« <3nm> , !&fflSM\ 4*1,. 
riTMn 08fcin) * #8W.15*t/CTa <5n- 

[0022] CttBW2]J»l©«ft«l l^UTCo 

Fo <eni») ,:*a»*rawi0iorcu.<2. 5. 

no) > #2<0S&tt*l 2At>XCoFe <3no) . 
KSflBttJRl 4 £ t/t I rMn (8nn). SSEJftl 6 
&l/CTa (5o©> «JMH*S****f>^*yW 

1 8»sm$nrt^. 
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